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IN T R O D U C T IO N

Barrier island and lagoon coasts are ubiquitous along
the continental margins of the world.

King (1972) estim

ated that 13 percent of the world's coastlines are bor
dered by barrier systems.

The most continuous, and best

developed barrier system, however, occurs along the east
ern and Gulf coasts of the United States.

Here, a gently

sloping continental shelf, combined with a small to mod
erate tidal range, and an ample source of sediments, char
acterize the physical conditions under which these islands
developed.
The importance of barrier islands to geological stud
ies is two fold.

First, their study provides modern ana

logs which aid in the recognition of ancient deposits of
similar origin; and secondly, barriers are composed of a
sand facies bounded by mud facies and provide potential
petroleum traps when buried (Shepard, 1960) .
Barrier islands also furnish land for recreational
and governmental use, and therefore, a more complete un
derstanding of the processes of erosion and deposition of
sediment can be helpful in their maintenance.
The purpose of this study is to gain an understanding
of the sediments and the sedimentary processes of a mod
ern barrier island beach-dune complex in order to enhance
1
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the interpretation of similar sedimentary deposits in the
rock record.

This study, therefore, describes the sub

environments, sedimentary structures, textures, and min
eralogy of the modern barrier island deposits on Cedar
Island, Virginia.

Furthermore, because there has been no

satisfactory explanation for the source of the Virginia
barrier island sands, this investigation also attempts to
discern their probable source.
Location
Cedar Island is one of a series of elongate, off- '
shore, barrier islands which characterize much of the
eastern coast of North America.

The island lies seaward

of the central portion of the southern Delmarva (DelawareMaryland-Virginia) Peninsula, and trends north-northeast
ward paralleling the general orientation of the middle
Atlantic seaboard (Fig. 1).
The island, which measures 6.5 miles in length, has a
minimum width of 0.14 miles, one mile north of its south
ern end, and a maximum width of 0.7 miles at its northern
end.

Elevations seldom exceed 10 feet above sea level,

except for the northern extremity where a maximum of 25
feet above sea level was recorded.

The small community

of Wachapreague is located 3.7 miles west of the southern
tip of Cedar Island, and harbors most of the area's recre
ational and commercial fishing industry.
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The barrier island complex forms the ephemeral bor
der between the coastal plains province and the gently
sloping inner continental shelf which extends seaward
relatively unchanged., for a distance of 3 to 4 miles.
Further seaward, the slope of the continental shelf de
creases, and depths gradually increase to a maximum of
650 feet at the shelf-slope break, 75 miles offshore.
Landward, the 15 mile wide Delmarva Peninsula is separated
from the coastal plain and piedmont provinces to the west
by Chesapeake Bay.

Geologic processes, acting on the

crystalline rocks of the piedmont, as well as on the Ter
tiary elastics of the coastal plain, have greatly influ
enced the character, volume, and morphology of the Quat
ernary sediments considered in this study.
Previous Work
Barrier islands and their neighboring environs have
been the subject of considerable investigation.

Theories

of barrier formation have been presented by Zeigler
(1959), Shepard (1960) , Hoyt (1967), Zenkovitch (1969),
and others.
Evolution of the southern Delmarva coast and related
transgressive-regressive stratigraphy has been discussed
by Newman and Rusnak (1965), Newman and Munsart (1968),
Swift et al.

(1972), and Shideler et al. (19 72).
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Although, many investigators have considered the barrier
sediments along the Texas, Georgia, and Carolina coasts,
little published material is available on the sediments
of the Delmarva shore, particularly for Virginia.

Harris

on C1972), published a general description of the sedimen
tary processes of Cedar Island and vicinity, and lists
mean sediment sizes for samples from the entire barrier
complex.

However, geographic variation in the texture

and mineralogy of the sands on Cedar Island has not been
previously described.
Methods of Study
Field work on Cedar Island was performed during an
8 week period in the summer of 1973.

Fourteen crosswise

traverses were spaced at 1/2 mile intervals along the en
tire 6 1/2 mile length of the island.

Along each tra

verse, samples were collected at 5 stations.

The samples

were collected during low tide by sampling one square
inch of sand, one inch below the surface.

The following

subenvironments were sampled; 1) swashzone, strand line
at low tide, 2) foreshore, 12 feet landward from the
strand line, 3) backbeach, landward of the berm, 4) dunes,
at their crest, and 5) washover terrace (Fig. 2).

A

total of 93 samples were taken.
Other field methods employed included beach and dune
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trenching, box coring, and extensive ground and aerial
photography.

Particular attention was paid to beach er

ratics and exhumed salt marsh at the strand line in hopes
of determining the direct effects of transgression on the
sediments of the island.
In the laboratory, samples were washed, dried, and
split prior to analysis.

Grain-size distributions were

determined by conventional sieving methods using a 1/4
phi sieve interval.

A total of 43 samples were sieved.

Sand-mud mixtures were analyzed using the sieve-pipette
method outlined by Folk (1968).

A computer program was

used to calculate graphic (Folk and Ward, 1957) mean size,
standard deviation (sorting), skewness, and kurtosis. Fif
ty thin sections were made of selected phi size intervals
by embedding the sample in plastic casting material and
grinding to a thickness of .03 mm.

The mineralogy and

roundness (Powers, 1953) of the sand-sized sediments were
determined optically using a petrographic microscope.
Microscopic point counts (3,750) were used to approximate
percentages of minerals present.

Separation of magnetite

was accomplished with a hand magnet.

Weights of the mag

netic and non-magnetic sand constituents were then com
pared for selected phi intervals to determine the effect
of physical processes on mineralogical distribution.
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E N V IR O N M E N T S

Physiography
The shoreline of Cedar Island follows the smooth, ar
cuate trend of the embayed portion of the middle Atlantic
coast.

Local irregularities in the position of the strand

line result from storm modification.

Moderately developed

spits occur at both ends of the island, and are associated
with offshore shoals which are exposed at low tide. The
northern end of Cedar Island, as well as the northern ends
of the neighboring Paramore and Metomkin Islands, are wid
er, more vegetated, and generally better developed than
the southern ends.

Newman and Munsart (1968) attribute

this fact to the prominent southerly longshore current.
The foreshore of the beach slopes gently seaward
from the berm to the strandline, and varies from 30 to 50
feet wide at mean low tide (Fig. 2).

The berm marks the

division between the foreshore and backbeach, but general
ly is a subtle enough feature as to appear imperceptible.
The backbeach area, ranges from 75 to 100 feet wide, and
extends from the berm to the vicinity of the dunes, and
has a slight landward inclination (Fig. 2).

Small, but

extensive assymetrical channels are commonly found in
both the foreshore and backbeach environments, and are the
result of active and inactive ridge and runnel systems.

8
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Topographically, the dunes are relatively unimportant
features having an average height of from 3 to 5 feet.
Numerous unvegetated blowouts occur landward of the dune
crests.
The dunes grade imperceptibly into aeolian flat and
washover deposits extending landward about 10 0 to 150 feet
(Fig. 2).

This environment is stabilized by dense vegeta

tion at the northern end of the island, but at the south
ern end, vegetation is sparse or completely absent.

At

the most landward extremity of the aeolian flat and washover areas, sand is overriding marsh muds.
Exhumed marsh facies are exposed in the swashzone at
low tide resulting from the rapid transgression of barrier
sands over lagoon muds

(Fig. 3).

Wachapreague lagoon con

sists of about 50 percent salt marsh, and 50 percent tidal
channels and bays.
.Climate
The climate of the southern Delmarva Peninsula is
notably influenced by the marine environments which sur
round it.

As a consequence, both adverse weather, in the

form of severe seasonal storms, and mild, temperate periods
characterize the climatic extremes of this area. The mean
annual precipitation of 47.7 inches is rather evenly dis
tributed throughout the year.
ceeds 10 inches per year.

Total snow fall rarely ex

Evaporation rates during the
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wanner months of May through. August approximately equal
the normal precipitation during that time, resulting in a
temperate climate typical of the mid-coastal latitudes of
the United States
1959).

( U.S. Dept, of Commerce Weather Bureau,

The mean minimum temperatures of 32 to 36 degrees

Fahrenheit, occur between the months of December and Feb
ruary, while the mean maximum temperatures of 86 to 88 de
grees Fahrenheit, occur in the months of July and August
(Finch et a l ., 1957) .
The dominance of maritime air masses results in two
types of cyclonic storms; hurricanes and northeasters,
which occur most frequently during the months of August,
September, and October.

Approximately one hurricane per

year poses a definite threat to the tidewater areas, where
large-scale destruction from high winds, waves, and tidal
flooding have altered the barrier complexes considerably.
Northeasters occur more frequently and with less intensity
than do hurricanes, but cover a considerably greater area.
Onshore winds, associated with astronomical high tides,
may raise normal tidal ranges several feet, partially sub
merging barrier sand ridges, and creating washover deposits
common to this type of maritime environment (Finch et. al. ,
1959) .
Biota
Numerous species of plants and animals inhabit the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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multiple environments of Cedar Island and vicinity.

Many

species are preserved in the substrate, making them valuble as environmental indicators.

Others, influence sedi

mentation, through processes of burrowing, excretion, bind
ing and baffling.

The following summary in no way repre

sents the total diversity of life in this area, but does
delineate some of the more widespread and important forms
present.

Identification of many of the organisms cited

below is based on both personal communication with staff
members of the Virginia Institute of Marine Science, and
on taxonomic charts prepared by them.
Barrier sand ridges
Among the more common herbaceous xerophytes which ex
ist in the dry areas of the outer sand barriers, is the
beach grass Ammophila breviligulata, which flourishes in
the backbeach exclusively, and the dune grasses Nitzschia
sigma, and Microcoleus sociatus, which locally stabilize
the continuous dune system.

Small, scattered patches of

loblolly pine, Pinus taeda, characterize the terraces,
landward of the dunes.
Many animals make their home in the sandy environs of
the outer barriers.

Among the most common is the sand crab,

Emerita talpoida, found in the lower foreshore, and the
nocturnal, burrowing ghost crab, Ocypode quadrata,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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primarily found in the upper foreshore and the-backbeach.
Molts of the horseshoe crab, Limulus, may be found scat
tered about the foreshore during low tides, and occasion
ally, a living specimen is washed ashore.
The disarticulated valves of the eastern oyster, Crassostrea virginica, and the hardshell clam, Mercenaria mercenaria, constitute the majority of the reworked shell
pavement which litters the beach.

Also present is the fra

gile valves of the bay scallop, Aequipecten concentricus
(Abbott, 1968) the burrowing sanguin clam, Tagelus plebeius, and the ark clam, Noetia ponderosa (Fig. 4).
Salt marsh
—

- ..

By far, the most abundant halophyte in the entire bar
rier complex is the marsh grass Spartina alterniflora, and
the less common Spartina patens.

Sedimentologically, they

are less important because their complex system of rhizomes
acts to bind the fine inorganic and organic sediment com
posing the substrate and the grass shoots baffle the ero
sive power of waves and currents.

Productivity estimations

for S. alterniflora average about 10 tons/acre/year, dry
weight (Wass and Wright, 1969).

The great extent of salt

marsh, which ranges from Maine to Texas, may be attributed
primarily to the function of Spartina marsh grass.

Other

species of marsh grass like Juncus, inhabit the intertidal
and supratidal areas, directly adjacent to the mainland.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Figure 4. Common shell assemblage found on Cedar
Island beach: a) Mercenaria mercenaria/ b) Poiinices
duplicatus, c) Crassostrea virginica, d) Noetia
ponderosa, e) Aequipecten concentricus, and f) Tageius
plebeius. Scale is 15 cm.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

15
The eroded banks of the marsh channels are, in part,
due to the burrowing effects of the red jointed fiddler
crab, Uca minax, and the square-backed marsh fiddler, Sesarma reticulatum.

Small barnacles encrust Spartina grass

near inlets and tidal channels.
Tidal flat
The intertidal flat areas of the Cedar Island lagoon
(Fig. 3) are devoid of vegetative cover, except near the
salt marsh-tidal flat boundary, where Spartina patens grows
abundantly.

In flooded areas of the sandy salt marsh, ex

tensive communities of blue-green algae flourish among
high stands of marsh grasses.

Desiccation of these algal

mats occurs when exposed to sunlight for long periods dur
ing neap tides.

Harrison (1972) has named these desiccated

fragments "cookie chips", and attributes their origin part
ly to the pecking action of birds.
The fauna of the more frequently flooded tidal flats
is more diverse than those which support algal growth.
The blue crab, Callinectes, which is caught commercially
in this area, inhabits shallow water, adjacent to tidal
flats and channels.

Burrows of the shrimp, Callianassa,

may commonly be seen protruding from the surface of muddy
flats during low tides.
It is in these flats that the burrowing clams Mercen
aria mercenaria, and Tagelus plebeius thrive.

Tagelus may

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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construct burrows to a depth of 50 cm, whereas Mercenaria
lives only a few centimeters below the substrate (Stanley,
19 70).

Mercenaria tolerates a wide range of environments,

and thus is common to almost all parts of the barrier com
plex.
The most common m o H u s k found on the tidal flat envi
ronment is the edible oyster, Crassostrea virginica.
Large communities inhabit the broad tidal flats adjacent
to the mainland, where they are harvested seasonally con
tributing in a large part to the economy of nearby Wachapreague.
Physical Oceanography
Cedar Island is separated from other neighboring bar
rier islands by a series of tidal inlets, and an extensive
network of anastomosing tidal channels (Fig. 5).

Exchange

between ocean and lagoonal waters occurs through these in
lets exclusively.

Current studies indicate that inflow

through Wachapreague inlet, exits through Metomkin inlet,
allowing continual recharge of lagoon and bay waters (Har
rison, 1972).

At least one ephemeral inlet, caused by

storm modification, can be seen approximately one mile
north of the southern tip of Cedar Island.

Here, during

periods of high water, sand from the foreshore and beach is
washed over into Burtons Bay, forming a broad, sandy washover fan (Fig. 13).
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The mean tide range along the Cedar Island beach var
ies from 1.08 to 1.45 meters, with a 30 to 00 minute time
lag between high tide on the outer beach and the mainland
(U.S. Coast and Geodetic Survey Tide Tables, 1970).
Wave heights vary with seasons, but generally are
smaller in summer, ranging from 1 to 5 feet, and larger
during the winter months with heights up to 8 feet.
Shideler et al.

(1972) reported that littoral drift

flows predominantly from a northerly direction, but meas
urements made in conjunction with this study neither con
firm or deny this conclusion.
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GEOLOGY
P re-Ho1ocene
The landforms which compose the southern Delmarva
Peninsula evolved mainly through the interaction of the
land and sea throughout the Cretaceous, Tertiary, and
Quaternary Periods.

Crustal movements along the Atlantic

continental margin produced a seaward slope of the crystal
line rock basement surface before 135 million years ago
(Cushing et al ., 1973).

During the Cretaceous, a series

of marine transgressions and regressions, together with
accumulating detritus shed from the erosion of the Appala
chian Piedmont, created the consolidated base upon which
Cenzoic sediments now lie.

Unconsolidated Tertiary sed

iments, specifically Pliocene and Miocene strata, were
contributed mainly from a northwest source, and consist of
clay, silt, sand, and gravel (Newman and Munsart, 1968).
The effect of advance and retreat of ice sheets, to
gether with localized crustal warping, produced a complex
Pleistocene geologic history in this area. According to
Folger (1972), two types of Pleistocene deposits exist:
1) fluvial deposits which are represented by sand and grav
el alluvium probably deposited by the ancestral Delaware
and Susquehanna Rivers, and 2) littoral or shallow marine
sand, silt, and clay, deposited during various interglacial
19
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periods, the most recent being the Sangamon Stage.

Cush-

ing et al. C1973), stated that the Pleistocene sediments
which underlie the southern Delmarva Peninsula are for
the most part marine in origin.

However, boring, drill

ing, and dredging off the Delmarva coast has substantiated
the existence of relict fluvial sediments, stressing the
importance which rivers played in the deposition of Pleis
tocene material

(Newman and Munsart, 1968).

Total thick

ness of pre-Holocene sedimentary deposits underlying the
area of study is 5,250 feet (Cushing et al^. , 1973).
Several authors have recognized an extensive system
of offshore, arcuate ridges which are common submarine
features from Maryland to Florida.

Sanders

(1962) examined

bathymetric profiles off the Virginia coast and suggested
that these ridges were relict late Pleistocene beach bar
riers formed during temporary stillstands at a lower sea
level.

Swift et^ al.

(19 72) , opposed the idea that these

ridges are actually large scale, ephemeral bedforms,
formed from Pleistocene marine sediments, and concluded
that they are mobile and are currently being modified by
offshore waves and currents.
Holocene
The modern barrier coast (Figs. 1, 3) which includes
the outer sand ridges, salt marsh, tidal flats, and lagoon,
was initiated during the Late Holocene reduction in the
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rate of sea level rise which occured 4,000 to 7,000 years
before present (Newman and Munsart, 1968).

Differential

submergence rates all along the east coast of the United
States indicate that a purely eustatic rise in sea level
could not have been the sole cause of transgression and
barrier formation (Hoyt, 1967).

Evidence of local struc

tural uplift in the Wachapreague area about 4,500 years
before present (Newman and Rusnak, 1965) seems the most
likely cause for reduction in sea level rise, and the sub
sequent formation of linear trending barrier deposits.
Zeigler (1959), discounted the crustal warping hypothesis
and suggested that the reduction in the rate of sea level
rise followed-the hypsithermal interval.

Other authors,

Fairbridge (1961), and Schofield(1964), contended that
Holocene sea level rose rapidly to its present level about
6,0 00 years before present, and has fluctuated within 3
meters of its present level since that time.
Aside from considerations of sea level fluctuations,
a general mechanism of barrier formation is as yet obscure.
Hoyt's submergence hypothesis (1967) maintains that barrier
island complexes develop as a result of the slow flooding
of the low area directly landward of the already present
dune and beach system.
Other theories include barrier development from off
shore bars (Zenkovitch, 1969), spit progradation (Fisher,
1968), sediment accumulation due to breaking waves

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

(Cooke,

1968).
The age of Cedar Island, and its southern neighbor
Paramore Island, has been determined by extensive coring
by Newman and Munsart (1968).

A radiocarbon date of 5,100

years has been assigned to a basal peat taken from a depth
of 36 feet.

Spartina sp. rhizomes were absent from all

but the upper 4.7 feet of the cored section indicating a
much later date of salt marsh development.

Because it is

assumed that the establishment of the outer sand ridge is
the first step in the formation of a barrier complex,
Newman and Munsart (1968) assigned a maximum age of 5,500
years to these ridges.

Biogenic and paleontological evi

dence indicates that salt marsh development in the lagoon
behind the barrier islands at Wachapreague began about
1,000 years before present, due to a decreased submergence
rate (Newman and Munsart, 1968).

In any case, sedimenta

tion has exceeded submergence resulting in extensive in
filling of the open bays which once existed behind Cedar
Island.
Exhumed salt marsh facies on the seaward side of the
Cedar Island beach (Fig. 3) as well as the presence of tel
ephone poles initially placed behind the dunes and now
standing in the foreshore, indicate that the barrier sys
tem is migrating landward.

Landward migration rates have

been calculated to be about 9 inches per year for the
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whole Delmarva area (Swift et al., 1972) , and must ex
ceed 2 feet or more per year on Cedar Island according to
physical and stratigraphic evidence.

Assuming a constant

migration rate, a total shoreline transgression on Cedar
Island of 2 miles during the past 5,000 years cannot be
considered excessive.
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S E D IM E N T A R Y

STR U C TU R ES

Cross-Stratification
Laminae are the most obvious internal sedimentary
structure displayed by the beach-dune complex of Cedar Is
land.

In this study, cross-stratified laminae are defined

as those which have been deposited at an angle to the hor
izontal, and distinguishable by vertical change in some
physical property such as grain-size or mineralogy (McKee
and Weir, 1953).

On Cedar Island, low-angle (less than

10 degrees) cross-stratified sands occur in the upper and
lower foreshores, and sections of the backbeach.

High an

gle (up to 28 degrees) cross-stratification occurs in
aeolian dunes, and on the landward slope of prograding
spits.
Several trenches were excavated in the upper fore
shore, perpendicular to the strandline, to determine what
internal structures were present.

Upper foreshore lamina

tions dip from 4 to 7 degrees seaward, but a dip of 5 1/2
degrees is most common.

Concentrations of dark minerals,

mostly magnetite, hornblende, and garnet, were found in
thin laminae ranging in thickness from 3 mm to 1 cm (Fig.
6).

Individual laminae could be traced for at least 30

feet, and presumably farther had measurement not been re
stricted by the size of the trenches.

Trenches constructed

24
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parallel to the strandline showed the dark, laminae to be
randomly discontinuous, and individual laminae could not
be traced more than a few feet CFig. 7).
Sedimentary units, dominated by light minerals such
as quartz and feldspar, range from 1 to 53 cm in thickness
and occur between the dark laminations.

These massive u-

nits were sampled and it was determined that textural var
iation took the place of mineralogical variation, result
ing in less conspicuous, but similar internal laminations.
Parallel laminations were not observed in the upper
foreshore, although sand wedges diverge over such a long
distance that a cursory examination would lead one to
conclude that they are parallel.

It was noted that dark

laminations thicken seaward, but in a much less pronounced
degree than did the more massive, light layers.
Low-angle, cross-stratified laminated sands are also
produced in the zone between the upper foreshore and the
lower foreshore.

According to Thompson (1937), the ero-

sional and depositional dynamics of the lower foreshore
are sufficiently different from the upper foreshore to
permit the development of a significantly distinct inter
nal morphology which may act as an indicator of deposition
al environment.

In this transition zone, individual lam

inae are less extensive, and discontinuous due to the
truncation and the burrowing effects of small decapods
(Harrison, 1972).
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Figure 6. Upper foreshore laminations perpen
dicular to the strandline. Scale is 15 cm.

Figure 7. Upper foreshore laminations parallel
to the strandline. Scale is 30 cm.
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The low-angle cross-laminae described above which
typify the foreshore of Cedar Island, form from the trun
cation of seaward dipping laminae by wave erosion, and
the subsequent deposition of an unconformable series of
laminae (Fig. 8a, 8b).

Repeated truncation and subse

quent deposition may result in the accretion of a series
of "welded" foreshore deposits (Thompson, 1937), most ac
tively developed during periods of increased summer depo
sition (Fig. 8c).
A second mechanism of formation of cross-stratified
structures occurs exclusively within the lower foreshore,
or that area of the beach which is continually saturated
with water.

This area is characterized, especially at

low tide by small, crescent-shaped scour pools formed by
the continual scouring and filling action of small waves.
These depressions, which range in size from 6 cm to almost
one meter long, show considerable variation in depth ( 3
to 15 cm), spacing, and orientation with respect to the
shoreline.

About 75 percent of the scour pools observed

were oriented with their concave slip face inclined land
ward, suggesting that waves were responsible for the cur
rent flow that created these bedforms (Fig. 9).

The re

maining 25 percent of the scour pools were oriented with
their concave slip face inclined seaward, suggesting scour
due to backwash coming off the beach, possibly directed
by a cuspate shoreface (Fig. 10).

Slip faces and foreset
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Figure 8. Formation of cross-stratified structures
in the foreshore: a) seaward dipping laminae, b) cross
stratifications produced from truncation of existing lam
inae, and subsequent deposition seaward, c) repeated
truncation-deposition resulting in a series of "welded"
foreshore deposits.
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Figure 9. The orientation of swashzone scour pools
resulting from incoming waves.
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Figure 10. The orientation of swashzone scour pools
resulting from backwash.
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laminae of 30 to 32 degrees were characteristic of most
scour pools, and coarser sand grains as well as shell de
bris occurred locally in the quiet water troughs.

Pre

served, these intersecting curved scour surfaces would
likely produce festoon, or trough-laminated cross-strat
ification (McKee and Weir, 19 53).
Cross-stratification in the backbeach (Fig. 12) is
restricted to that area directly seaward of the dunes.
Here, laminae dip landward at 3 to 5 degrees, and are
apparently the result of storm dominated deposition.
Maximum development of cross-stratified sands was
found on the landward face of the prograding spits on both
the northern and southern extremities of Cedar Island.
Angles of westward dipping laminae ranged from 10 to 28
degrees, and probably represents foreset stratification
produced by spillover during storms (Fig. 11).

Distinct

heavy mineral laminations are rare in these steeply dip
ping strata.

Towards the crest of the spit, the angle

of the landward dipping laminae decreases, and ranges from
3 to 11 degrees

(Fig. 11).

Seaward, these spits displayed

a typical foreshore morphology and internal structure
characteristic of the rest of the island.

Harrison (1972),

reported the presence of similar, westward dipping internal
cross-stratification at the terminus of major washover
deltas.

Although no such structures were examined in this

study, it is presumed that the mode of formation of both
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Figure 11. Internal laminations of the landward face
of the prograding spits on Cedar Island: a) laminations
inclining landward at 10 to 2 8 degrees, b) laminations
inclining landward at 3 to 11 degrees.
the spit and delta laminae is identical.
Aeolian cross-stratification is limited to the small,
semi-permanent dunes which have not been altered by storm
washovers.

Where these features are well defined, their

internal structures may prove to be diagnostic.

Smooth,

even-surfaced laminae, which dip landward at about 12 de
grees, characterize the cross-stratification representa
tive of the top 6 inches of the dune sand.

McKee (19 57)

attributed the regular laminations of aeolian dunes found
on barrier islands to uni-directional, homogeneous winds.
Below the top 6 inches, the dune sand appears massive, and
lacks any distinct stratification.

Complete sections of

undisturbed laminations are rare, if not impossible to
find, partly because of dune surface disruption due to
stabilization by beach grass, the burrowing effects of
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organisms, and the irregular patterns which are caused by
numerous blowouts.
The wave cut, eastward facing dune scarp on Cedar
Island (Fig. 3) dips seaward at the angle of repose of
sand, or about 29 to 33 degrees.

Avalanching of sand down

the dune scarp is a common phenomenon, and produces a mas
sive deposit of slumped, structureless aeolian sand, rest
ing upon the westward dipping laminated sands of the backbeach.

Foredune stratification however, does exist sea

ward of areas where washover fans have altered or destroyed
the dunes.

In these areas, cross-stratification dips

gently seaward at 7 or 8 degrees (Fig. 12).

The origin of

this stratification is probably the result of aeolian pro
cesses because of the difference in angle of the laminae
compared to the horizontal backbeach laminae which it over
lies.

The writer cannot rule out, however, the possibil

ity of this cross-stratification being the result of dep
osition during storm washovers.
Horizontal Laminations
Aside from the abundance of inclined structures in
the beach-dune material at Cedar Island, horizontal lami
nations may be found throughout backbeach sands and in
beach flats associated with washover fans.

Algal mats also

produce a form of horizontal laminae, but are difficult to
distinguish at depth because of the lack of color and

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Figure 12. Seaward dipping foredune strati
fication above light and dark laminated sands of
the backbeach. Shoreline is to the left. Scale
is 15 cm.
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grain-size contrast in the sediments.

Thin laminae are

also characteristic of the tidal flat sediments, but their
consideration is beyond the scope of this investigation.
Horizontal backbeach laminae extend from the area of
the berm, where they are truncated by foreshore cross
stratification, to the area directly seaward of the fore
dune where they become disrupted by aeolian processes.
Variation in the thickness and distribution of backbeach
laminae was determined by the examination of a number of
trenches excavated parallel and perpendicular to the
strandline.

Apart from their near horizontality, back

beach laminae, perpendicular to the beach trend, were more
parallel, but less continuous than foreshore laminae.
Parallel to the strandline, however, these laminations
could be traced for 15 to 20 feet before they became dis
rupted.

It would seem therefore, that due to the flat

topography of the backbeach, deposition of sand material
has been regular, parallel to the beach, but irregular
perpendicular to the beach.

This difference is most likely

due to the sheet washover onto the backbeach, followed by
rapid loss of energy and deposition due to infiltration in
a direction perpendicular to the beach.

Backbeach struc

tures tend to be formed by the juxtaposition of aeolian
and marine processes, each having a dominant influence at
differing times of the year.
Maximum development of horizontal laminations occurs
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landward of the dunes in broad, extensive, flats, produced
by washover sand deposits.

The most extensive washover

flats on Cedar Island lie approximately one mile north of
the southern spit, where the island thins, and most often
is breached by storm waters

(Fig. 13).

Alternating dark

and light laminae are approximately the same thickness
(average about 1/2 cm), and extend unbroken for 30 feet or
more (Fig. 14).

Shell fragments and beach debris are ab

sent internally, but were found scattered on top of the
flat.

The flat is totally void of vegetation and surface

disruptions, reflecting its intertidal locality.
Algal mats are present landward of the dunes from the
highest, high tide line, down into the subtidal zone, 30
cm below the lowest, low tide (Harrison, 19 72).

Internal

ly, the mats form a series of horizontal, parallel laminae
extending to a maximum depth of 11 cm.

Harrison (1972),

has noted algal mat preservation to a depth of 90 cm on
neighboring Paramore Island.

Individual mats average about

2 mm thick, and are separated by muddy sand and silt
layers, 3 to 4 cm thick (Fig. 15).

Many algal mats were

examined near the influence of active sand dunes, as well
as away from sand accumulation.

Inorganic interbeds varied

with environment, indicating that algae will actively
flourish on available sediment despite grain size.
Desiccation by prolonged subaerial exposure, pius the
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Figure 13. Landward view of washover flat (wf)
at the southern end of Cedar Island. Other suben
vironments include: swashzone (s), foreshore (f),
backbeach (b) , and dunes (d) .

Figure 14. Horizontal laminae of the washover
flat, perpendicular to the strandline, on south
ern Cedar Island. Scale is 15 cm.
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Figure 15. Algal mat laminae of the intertidal
washover zone. Individual mats are labeled with
arrows. Scale is 15 cm.
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effects of wind, water, and organisms, aid in algal mat
destruction.

Curled flakes of mat, coated with salt, are

commonly found near the landward edge of the dunes, where
tidal waters seldom reach.

During spring tides, new algal

growth, along with fine sediment, quickly covers the old,
desiccated chips, resulting in alternating organic-in
organic layers.
Common Bedforms
Ridge and runnel topography is commonly formed as a
result of post-storm modification of the beach and the
landward migration of a linear offshore bar CDavis et al.,
1972).

This situation causes water to be temporarily

trapped on the beach and subsequently channeled back to
the ocean at low tide, resulting in the formation of a
series of characteristic bedforms.

The tidal influenced

study area provided an ideal setting to study the morphol
ogy of these bedforms.
The ridge and runnel system studied on Cedar Island
was located in the intertidal zone of the lower foreshore,
and remained active throughout the period of study.

The

maximum runnel width measured was 5.4 meters, but the
majority ranged between 1 and 3 meters wide.

Depths,

measured from the base of the runnel to the ridge crest,
averaged about 18 cm.

The runnels were connected to the

ocean by a series of rip channels, perpendicular to the
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trend of the beach.

Distance between any two rip channels

was remarkably regular during any one day, but changeable
from day to day.

It was observed that the rip channels

were located seaward from beach cusps, developed on the
upper foreshore, and were governed by the daily movement
and development of these features.
All ridge and runnel systems examined had the follow
ing traits in common: 1) assymetrical profile in crosssection, 2) current produced ripples superimposed on the
sides of the runnels, and 3) coarse sand, detritus, and
shell debris deposited on the margins of the runnels.
The seaward slope of the runnel is inclined landward
at about 30 to 34 degrees (Fig. 16).

The landward slope

inclines seaward at about 15 degrees (Fig. 16).

This
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Figure.16. Cross-section of a typical runnel channel of
the lower foreshore.
assymetry results from encroaching foreset deposition on
the landward side of the adjacent ridge.
Variation in flow regime within the active runnels
is recorded by variable ripple marks showing variable
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morphology.
Linguoid ripples, arranged enechelon, reflect higher
flow intensity, and are confined to the bottom of the run
nel (Fig. 17).

Where the current is less intense, on the

gentle landward slope of the runnel, smaller straightcrested ripples are produced (Fig. 17).
Sediment deposited in the runnels range from fine
silt to coarse sand, and includes much shell debris.

The

finest sediment occurs at the lowest point in the runnel,
and grades into coarse sand, and finally into a concentra
tion of oyster and clam shells at the runnel margins
(Fig. 18).
Other beach bedforms studied are of minor signifi
cance, but do deserve mention.

Beach cusps were observed

forming on the upper foreshore during high tides (Fig. 19).
Regular wavelength spacings of between 50 and 120 feet
were typical of the central, embayed portion of Cedar Is
land, but rare near the extremities.

Bascom (1964) indi

cated that cusp regularity is a function of coastal mor
phology, and the more exposed the beach is to varying
ocean waves and currents, the less regular the cusps.
Cusps are a direct result of the beach-ocean interaction,
and they appear to control the location of the ridge and
runnel systems previously discussed.
Apart from the sand dunes, other aeolian bedforms,
such as wind ripples and sand shadows occur when wind
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Figure 17. Linguoid ripples CA) and straight
crested ripples (B) produced in a runnel in the
upper foreshore. Flow from upper right to lower
left. Scale is 15 cm.

Figure 18. Shell margins define the boundaries
of a runnel in the upper foreshore.
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transports dry sand across even surfaces (Fig. 20).

The

best formed and maintained aeolian bedforms were estab
lished upon the foredune sands of the backbeach, free from
vegetation and marine alteration.
A thick shell pavement (up to 6 inches), caused by
deposition during storms, occurred in the backbeach, and
extended from the berm to the foredune area, as well as in
the area directly landward of the dunes (Fig. 21).

Fragile

shells, such as those of Aequipectin concentricus and
Tagelus plebeius were rarley found unbroken in this area,
but the more tenacious valves of Crassostrea virginica and
Mercenaria mercenaria were generally intact although
moderately abraded.

Backbeach shell concentrations accu

mulate during the winter and spring and are slowly eroded
away or covered by wind blown sands during the summer.
Within a period of 6 weeks during this study, backbeach
shell pavement had totally disappeared.
Swash and rill marks intersected each other on the
foreshore, and were distinguished by the coarse sediment
and debris which outlined their uppermost advancement on
the beach.
Biogenic Structures
Evidence of biologic activity on the beach and adja
cent environments is scarce, partially because of sediment
type and food supply, and partially because of adverse
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Figure 20. Aeolian ripples of the foredune
sands. Wind direction from left to right. Scale
is 15 cm.
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Figure 21. Shell pavement of the backbeach
and foredune area. Scale is 30 cm.
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conditions encountered on a wave dominated shore.

The

structures of the few organisms which are present, there
fore, can act as important environmental indicators if
preserved.

Two decapods in particular, the ghost crab

and the marsh fiddler crab, seem to produce characteristic
burrows which can easily be studied in a modern barrier
environment.
Burrows of the grapsoid ghost crab, Ocypode quadrata,
are the most obvious and plentiful biogenic structure en
countered on the beach.

Frey and Mayou (1970) and Hill

and Hunter (1973), have described 0. quadrata burrows in
detail from the Georgia and Texas coasts respectively.
The conclusions of these authors have substantiated the
interpretive importance of the size, shape, and distribu
tion of these burrows (Fig. 22)
Adults of this species of ghost crab have been de
scribed from Rhode Island to Brazil, their distribution
being limited by cold temperatures (Hill and Hunter, 19 73).
0. quadrata varies in size from one inch to almost one
foot in length.

During the morning and afternoon these

crabs construct new burrows or renovate old ones.

During

the evening hours, from about 10 P M till dawn, their
time is spent on the beach scavenging for food (Hill and
Hunter, 1973).
It was observed that burrows in the foreshore were
small (from 1 to 3 cm in diameter), reflecting the size
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Figure 22. Upper foreshore burrow of the grapsoid ghost crab, Ocypbde quadrata. Scale is 15 cm.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

47
of the crab itself, and were located well away from the
saturated zone.

Evidence of activity around the burrows

consisted of parallel sets of tracks radiating out from
the hole, and small mounds of sand piled next to the bur
row, the result of digging (Fig. 22).

Density of burrows

was greatest in the foreshore nearest the strandline.
Backbeach burrows were larger,

(from 4 to 6 cm in

diameter) and more obscure due to active aeolian influences.
Ghost crab burrows located in the foredune and dune envi
ronments were large (from 4 to 15 cm in diameter), and
less common-than those of other environments.
Representative Ocypode quadrata burrows from all parts
of the beach were trenched in order to determine depth and
shape.

Burrows in the foreshore are characteristically

short, averaging 15 to 20 cm in length, and were oriented
at an angle away from the shoreline (Fig. 23).

Backbeach
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Figure 23.
quadrata.

Progression of burrow morphology of 0.
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burrows displayed a similar morphology as foreshore bur
rows, except for increased diameter and length, some ex
tending to a depth of 50 cm.

Foredune and dune burrows,

however, revealed a complex, branching pattern extending
several feet below the surface and having a landward in
clination of approximately 60 degrees.

Some burrows were

interconnected with other burrows by a network of horizon
tal and oblique shafts (Fig. 23).

It appeared that small,

foreshore burrows terminated at the water table, while
backbeach and dune burrows failed to penetrate that depth.
These observations compare to those made by Hill and Hunter
(1973) and Frey and Mayou (1970) on the morphology of 0.
quadrata burrows on the Texas and Georgia coasts respec
tively.

The orientation and progression of these burrows

on the beach invariably reflects the development of the
individual organism from a completely aquatic life in
youth, to an almost completely terrestrial existence as an
adult (Hill and Hunter, 1973).
Burrows of the red jointed fiddler crab, Uca minax,
and the square-backed marsh fiddler, Sesarma reticulatum,
are restricted to tidal channel margins of the salt marsh.
Large fiddler colonies inhabit small (2 to 4 cm), circular,
interconnecting burrows resembling a porous, spongy net
work.

Several trenches, excavated on the channel margins,

revealed that these burrows penetrate only about 20 cm of
mud.

In some instances, burrows near the water line
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extend below the water table, whereas others, high on the
channel bank, remain semi-dry.

During neap tide periods,

many burrow structures would dry out and harden, preserving
a record of the organic activity and lebensspuren of the
crab.
Disruption of tidal channel margins by the blue crab
Callinectes, and burrows of the shrimp Callianassa, and
the razor clam T. plebeius, help to expand the width of
of the tidal channels by keeping the margins free from
the stabilizing Spartina grass.
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S E D IM E N T S

Grain Size Parameters
Sand-sized sediment constitutes approximately 99.7
percent of all material sampled on Cedar Island.

Its

geographic distribution is governed by two main transport
ing mediums; wind and water, and reflects the degree of
influence one medium has over the other.

The texture of

sand in specific subenvironments is controlled by; the
mode of the transporting medium, the current characteris
tics of the transporting medium, the number of different
physical processes acting in a particular subenvironment,
and the previous history of the sand being supplied to the
depositional environment.

The material deposited, there

fore, must mirror all of the physical influences of the
terminal environment, as well as the characteristics in
herited from the earlier history of the sediments.

Sam

ples from traverses A, C, G, J, L, and N (Fig. 24) were
selected for sieve analysis because their geographic dis
tribution represented all parts of Cedar Island.
Mean values of statistical parameters
Mean grain size varies along the sample traverses,
but for only one subenvironment, the backbeach, did grain
size prove diagnostic (Tables 1, 2).

The average mean
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I MILE

Figure 24. Cedar Island showing location of
sample traverses A through N (circled letters
indicate traverses from which samples were se
lected for sieve analysis).
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Table 1. Mean values and standard deviations (sd) of statistical parameters
(Folk and Ward, 1957) for all 30 samples, and for the 5 samples for each sub
environment.
TOTAL
n=30

Mean grain size
(phi units)

SWASHZONE FORESHORE BACKBEACH
n=5
n=5
n=5

DUNE

n=5

WASHOVER
n=5

1.966
(sd=.101)

2.138
(sd=.060)

2.103
(sd=.100)

1.425
(sd=.233)

2.212
2.116
(sd=.047) (sd=.068)

Mean stnd. devi.416
ation (sorting) (sd=.050)

.377
(sd=.022)

.338
(sd=.087)

.526
(sd=.042)

.344
.444
(sd=.087) (sd=.041)

Mean skewness

-.011
(sd=.054)

-.083
(sd=.078)

-.029
(sd=.024)

+.032
(sd=.048)

-.026
(sd=.035)

+.046
(sd=.087)

Mean kurtosis

1.011
(sd=.045)

.976
(sd=.056)

1.039
(sd=.067)

1.031
(sd=.039)

1.009
(sd=.044)

1.005
(sd=.019)

Ui
K)
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Table 2. Results of t tests comparing mean values of grain size,
standard deviation (sorting), skewness, and kurtosis for various
subenvironment combinations. Probability (P) values less than .05
are considered significant and are underlined.

SUBENVIRONMENTS

P VALUES
Grain Size

P VALUES
St. Dev.

P VALUES
Skewness

P VALUES
Kurtosis

swashzone v s . foreshore

P = .511

P = .781

P = .132

P=.868

swashzone v s . backbeach

P=.001

P= .026

P=.012

P = .103

swashzone v s . dune

P=.617

P = .112

P = .135

P=.282

swashzone v s . washover

P=.579

P=.001

P = .025

P=.266

foreshore v s . backbeach

P = .002

P=.130

P = .021

P=.490

foreshore v s . dune

P=.717

P=.289

P=.872

P = .517

foreshore v s . washover

P=.06 5

P=.151

P=.070

P=.454

backbeach v s . dune

P=.001

P = .00 8

P=.038

P=.929

backbeach v s . washover

P=.001

P=.4 6 8

P= .742

P= .278

dune v s . washover

P=.9 7 8

P=.000

P = .087

P=.514

cn

CO
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size value of the backbeach samples is significantly coars
er than the average mean size values of sands from the
other subenvironments (Table 1), and t tests (Table 2)
indicate that there are only 2 chances (or less) in a
1,000 that the differences between the mean size values
are due to chance.

The anomalously coarse backbeach sands

may be attributed to wave swash which travels over the
berm only under high energy conditions with sufficient
competence to transport coarse material.

Once the coarse

material is transported to the backbeach, rapid deposition
occurs because of loss of energy of the water.
The swashzone sands exhibit the finest mean grain
size, but samples from the dune and washover subenviron
ments are nearly as fine (Table 1).

The mean size of the

foreshore material is highly variable (Table 1, 2), but
for the most part, also approximates the mean grain size
of samples from the other environments, excluding the
backbeach.
Average standard deviation (sorting) values differ
enough between some of the subenvironments to prove diag
nostic, although all samples are well sorted to moderately
well sorted (Tables 1, 2).

T tests showed that average

standard deviation (sorting) values were significantly
different between the swashzone and backbeach, the swash
zone and washover, the backbeach and dune, and the dune
and washover subenvironments (Table 2).
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Dune sands, as expected, exhibit the best average sorting
values, whereas backbeach sands showed the poorest.

Sed

iments of the swashzone and foreshore were also well sort
ed because of the constant sorting action of the waves,
while sands of the washover subenvironments were slightly
less well sorted.
All skewness values reflect a nearly symmetrical fre
quency distribution, and range from +.10 to -.10.

In the

swashzone and foreshore, the sediments are negatively
skewed due to the high energy conditions which prevail
there, resulting in a coarse quartz mode retained or
added to the sand (Mason and Folk, 1958).

In the back

beach, skewness changed markedly to a positive value re
flecting the presence of a fine tail of sediment.

This

occurs because of the addition of fine material by wave
transport when energy is lost by rapid infiltration of
water, landward of the berm.

Washover sands were also

positively skewed, but probably reflect aeolian, rather
than marine deposition.

Dune samples were negatively

skewed, contrasting with Mason and Folk's (1958), Friedman*
(1961, 1967), and Moiola and Weiser's

(1968) analyses that

aeolian processes generally result in strongly positive
skewed sediments.

T tests showed significant average dif

ferences in skewness between the swashzone and backbeach,
swashzone and washover, foreshore and backbeach, and the
backbeach and dune subenvironments (Table 2).
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Kurtosis values all fall within the mesokurtic limits
as outlined by Folk(1968), and indicate a near normal dis
tribution (Table 1).

Kurtosis is the only statistical

value which proved to be insignificant in distinguishing
between subenvironment combinations (Table 2).
Statistical comparisons
Bivariant plots of the statistical parameters were
compared in order to evaluate which plots were most useful
for discriminating samples from the individual subenviron
ments .

The plot of skewness versus standard deviation

provided the best groupings for each subenvironment (Fig.
25).

Nearly complete separation exists between samples

from all five subenvironments.

An anomalous distribution

of samples within each subenvironment however, was noted,
resulting in two sets of groupings for each subenviron
ment (Fig. 25).

For instance, the swash zone samples

consist of two separate groupings, one containing 5 sam
ples predominantly from the northern part of Cedar Island,
and the other containing 2 samples from the southern end.
Foreshore and washover samples also exhibit two groupings.
The backbeach samples were so diverse that definite group
ing patterns can not be discerned.

Dune samples are the

most homogeneous, although one anomalous sample from tra
verse C, at the southern end of the island, compare more
closely in sorting and skewness to the foreshore sands
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found in the same traverse.
It may be concluded that the nature of the sand,
and thus the nature of the depositional processes, differs
form one end of Cedar Island to the other.

Foreshore

sands change notably in sorting from the north end to the
south end of the island, but have the same skewness.

Swash

zone sands exhibit an opposite tendency, changing in skew
ness but remaining identical in sorting values.

Washover

sands from the southern end of the island are similar to
foreshore and swash zone sands at the northern end, where
as washover sands from the northern end have statistical
values comparable to the coarse-grained, poorly sorted
backbeach sands.

In short, submersion of the low areas of

southern Cedar Island appears to have resulted in signif
icantly different grain-size distributions from the sands
on the northern end of the island.
According to Friedman (19 67) and Sonu (19 72), sorting
generally becomes poorer as mean grain size increases.
When standard deviation (sorting) was plotted against mean
grain size for sands in this study, the general tendency
for coarser grained samples to be more poorly sorted, and
finer grained samples to be better sorted held true (Fig.
26) .

Sonu (1972) also recognized the tendency for negative

skewness in coarser sands and for a positive skewness in
the finer sands.

This distinction does not hold true for

the sands on Cedar Island.
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Visher (.1969) concluded that sediment transport pop
ulations

(suspension,

saltation, and traction populations)

within a sample can be delineated by straight line seg
ments appearing on cumulative grain-size probability dia
grams.

Representative samples from the swashzone, fore

shore, backbeach, and dune subenvironments were plotted
on cumulative probability paper (Fig. 27) .
Swashzone samples show 4 distinct populations inter
preted to reflect 2 saltation, 1 suspension, and 1 trac
tion population (Fig. 27 A ) .

The 2 saltation populations

represent 9 8 percent of the whole sample, whereas traction
and suspension represent the remaining 2 percent.

Visher

(1969) found remarkable similarity in curves representing
swashzone sands.

He attributes this mainly to swash and

backwash sorting by waves, exclusive of other transporting
mediums.
Foreshore samples displayed a geometry similar to
swashzone samples, but exhibit a sharp break between the
saltation (9 8.7 percent of the total sample) and suspen
sion populations

(Fig. 27 B ) .

The indistinct traction pop

ulation probably results from the foreshore's position out
of direct wave attack.

Visher (19 69) attributed the char

acteristic shape of probability curves of foreshore sands
mainly to swash and backwash.
Backbeach probability curves consist of multiple sal
tation populations, and may reflect the interaction of
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Figure 27. Cumulative probability curves for swash
zone, foreshore, backbeach, and dune subenvironments:
A) swashzone, four distinct populations, B) foreshore,
two distinct populations, C) backbeach, multiple sal
tation populations, and D) dune, three distinct pop
ulations .
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different physical processes (Fig. 27 C ) .

This multiple

pattern proved very diagnostic of the backbeach subenvironment both on the northern and southern ends of the
island.
Cumulative probability plots of the dune environment
give characteristic curves consisting of 3 distinct sed
iment populations (Fig. 27 D ) .

The double saltation pop

ulation, indicative of swashzone sands, is represented by
one homogeneous, saltation population composing 91 percent
of the whole sample.

A relatively small, but distinct

traction population accounted for only 1 percent of the
total sample, while the suspension population constituted
10 percent.

Visher (19 69) stated that the high suspension

fraction in dune sands results from uni-directional winds,
which produce fluvial-like transport and deposition.
Traction populations result from selectively deposit
ing material rolling or sliding over the substrate.

Both

the swashzone and dune subenvironments have well defined
traction populations, due to the high energy conditions of
water and wind respectively which control sediment trans
port.

Foreshore and backbeach probability curves lack a

well defined traction population.
Because the saltation populations are a product of the
moving grain layer, probability curves with well defined
saltation populations (swashzone, foreshore, dune) are
thought to be the result of continual sorting action either
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by wind or waves.

Multiple saltation populations such, as

represented by backbeach. curves, reflect multiple processes
of transport resulting from the position of the backbeach
between wave dominated and wind dominated subenvironments.
Suspension populations result from turbulent condi
tions above the depositional interface.

Foreshore proba

bility curves represent the sharpest break between salta
tion and suspension populations, indicating winnowing of
fine particles.

Suspension populations of the swashzone

and dune subenvironments represent a relatively large per
centage (4 and 9 percent respectively) of the sediment
present.
Geographic variation in sediment distribution
The size distribution of the sand fraction varies
along each sample traverse (Fig. 24) as well as between
each sample traverse.

Size frequency distribution curves

are most illustrative of this variance, and were construc
ted for each traverse studied.
Along each traverse, the size distribution of each
subenvironment reflects the values of sorting, skewness,
and mean size previously discussed.

Frequency curves for

the southern part of the island (traverses A, C, and G)
(Fig. 28) are distinct from those for the northern part of
the island (traverses J, L, and N)

(Fig. 29).

Frequency curves for the southern end of the island
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Figure 28. Generalized profile across southern Cedar Island with
typical grain-size frequency curves for subenvironments sampled.
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(Fig. 28) show that the swashzone, dune, and washover subenvironments are generally of a uniform nature, exhibiting
similarly shaped and skewed curves.

The typical foreshore

curve, however, is heightened, almost leptokurtic, due to
excellent sorting, while the backbeach curve is broad and
flat reflecting poorer sorting (Fig. 28).
Frequency curves for the northern end of Cedar Island
(Fig. 29) show that the best sorting occurs in the swash
zone and dune subenvironments, whereas the poorest sorting
is illustrated by backbeach sands.

The foreshore frequency

curve displays poor sorting and slight positive skewness.
Backbeach and washover curves were almost identical in
appearance to curves from the same environments at the
southern end of the island (Fig. 29).
Lengthwise of the island, similar subenvironments
were compared to determine if a systematic change occurred
within the sediments.

It has already been concluded that

the processes operating in some of the subenvironments
differ between the southern and northern ends of Cedar
Island, and have produced at least two distinct cross
island patterns of sediment texture.

Frequency curves,

comparing each subenvironment lengthwise of the island,
were constructed to determine what variation occurs in
each subenvironment.
Comparison curves for all swashzone samples displayed
remarkable similarity (Fig. 30 A ) .

A definite grouping of
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curves from the 3 southerly samples (traverses A, C, and
G) and the 3 northerly samples (traverses J, L, and N) re
flect the nature of the active physical processes which
affect the island (Fig. 24) .
The dune samples (Fig. 31 A) illustrate even more
clearly the division of similar sediments into two dis
tinct groups.

The plots of the dune samples from the

southern traverses (Fig. 31 A) resemble swashzone curves
from the southern end of the island (Fig. 30 B).

The

dune samples from the northern end of Cedar Island are
nearly identical in sorting and symmetry.
Cedar Island foreshore sands (Fig. 30 B) possess the
most variance in the southern samples, but relatively
little variance in samples taken from the northern end of
the island.

Backbeach sands remain similarly shaped, al

though differing mean sizes produced offsets in their
relative positions (Fig. 30 C ) .

Washover sample curves

displayed remarkable homogeneity, both in mean size, and
positive skewness (Fig. 31 B ) .
It may be concluded from the resulting curves that
certain subenvironments, namely the foreshore and back
beach areas, have been subjected to varied physical pro
cesses, which produce a variable set of curves for each
subenvironment, as well as crosswise of the island.

More

uniform curves for a particular subenvironment such as
those produced from the swashzone, dune, and washover
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areas, apparently reflect less variable physical processes.
The difference in the size distribution of the sediments
between the northern and southern ends of Cedar Island
may be the direct result of the physiography and orienta
tion of the island.

It has been established that the

southern 2 to 2.5 miles of Cedar Island has been subject
to periodic washovers, often to the point of submergence,
while the more elevated northern end sustains at the same
time relatively little washover damage.

(Dr. Michael

Castagna, Virginia Institute of Marine Science, personal
communication).

Lack of permanent vegetation on the

southern end of the island, and the abundance of dense,
forest growth on the northern end supports this conclusion.
Mineralogy
Quartz commonly composes more than 90 percent of the
light fraction of the beach and dune sands.
feldspars

Potassium

(perthite and microcline) and plagioclase con

stitute the remaining light fraction.

The heavy minerals,

which include hornblende, garnet, zircon, epidote, rutile
and the opaque minerals

(ilmenite and magnetite) constitute

between 3 and 60 percent of the sand fraction.
Generally, the percentage of quartz and epidote in the
3 phi fraction decreases with decreasing mean grain size,
while relative abundance of hornblende, ilmenite, magnetite,
zircon, and garnet increases with decreasing grain size.
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Potassium feldspar, plagioclase, rutile, hematite, and
miscellaneous minerals fluctuate independently, and occur
in varied concentrations throughout all size ranges.

Min

eral aggregates and organic shell particles were restricted
to the size fraction coarser than 1.5 phi.
A petrographic examination of the 2 and 3 phi size
fractions revealed mineralogical differences between sub
environments .

Mineralogical distinctions are based on the

relative percentages of heavies concentrated in the 3 phi
size fractions.

Three phi-sized material from the swash

zone shows a high average percentage of quartz (63 per
cent) and an average heavy mineral content constituting
less than 35 percent (Figs. 32, 33; Table 3).

The neigh

boring foreshore environment, however, shows a decrease in
the average quartz content to about 35 percent, and an in
crease in the average hornblende, garnet, and zircon con
tent to about 50 percent (Fig. 32; Table 3).

The back

beach samples exhibited a marked decrease in quartz con
tent, but conversely a uniform increase in all heavy min
erals (Fig. 32; Table 3).

The dune environment is espe

cially distinctive due to a sharp increase in the average
ilmenite and magnetite content to about one third of the
3 phi samples (Figs. 32, 34; Table 3).

The average per

centage of garnet also increases, but is accompanied by a
large decrease in hornblende and a small decrease in zircon
and quartz (Fig. 32; Table 3).

Finally, in the 3 phi
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Figure 33. Photomicrographs of the 3 phi size frac
tion of swashzone sand: A, plane light; B, polarized
light. Magnification X35. Quartz (q), magnetite (m),
hornblende (h), garnet (g), epidote (e).

Figure 34. Photomicrographs of the 3 phi size frac
tion of dune sand: A, plane light;
polarized light.
Magnification X35. Quartz (q), magnetite (m), horn
blende (h), garnet (g), zircon (z).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Table 3. Mean percentage, standard deviation, and range of major mineral
constituents of the 3 phi size sand fraction of Cedar Island subenvironments
(data based on 6 samples for each subenvironment).

SWASHZONE
Mean %

FORESHORE
Mean %

St. Dev.

Range

63.17

19.84

25.9-00.0

Mag.-Ilmen.

4.83

5.15

1.5-15.8

6.83

2.56

3.3-10.7

Hornblende

6.17

5.71

0.0-16.6

20.50

4.23

15.0-26.0

Garnet

6.20

4.21

2.4-10.3

14.50

6.03

11 .1-22.2

Zircon

7.60

4.72

2.5-15.0

8.16

4.62

2.0-11.9

Epidote

6.20

3.70

5.5-11.9

5.16

5.19

1.6-11 .3

Mean %

St. Dev.

Quartz

35.17

Quartz

5t. Dev.

19.17

0.93

Range

7.17

25.8-47.0

DUNE

BACKBEACH
Mean %

St. Dev.

Range

Range

5.7-30.0

1 3.67

5.28

5.7-19.0
20.9-55.0

8.50

4.55

2.8-15.1

33.83

11.81

Hornblende

24.17

6.76

15.0-35.4

15.17

5.85

9.8-25.4

Garnet

21 .67

8.04

12.6-36.7

18.50

0.26

10.0-30.0

Zircon

7.83

2.85

4.9-11.0

0.83

6.33

3.7-15.6

Epidote

5.67

3.56

3.0-10.9

1 .50

1 .87

0.0-3.8

Mag.-Ilmen.

WASHOVER

Quartz

Mean It

St. Dev.

Range

2.50

2.16

0.0-5.3

Mag.-Ilmen.

28.00

9.23

21.0-36.0

Hornblende

25.70

8.46

10.0-35.7

Garnet

20.57

5.91

11.2-32.6

Zircon

12. 52

3.67

6.1-16.7

1 .36

1 .92

1 .0-3.3

Epidote
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samples from the washover subenvironment the average ilmen
ite, magnetite, garnet, hornblende, and zircon content con
stitutes nearly 85 percent, and quartz comprises only 2.5
percent (Fig. 32; Table 3).
Variations in quartz, hornblende, and ilmenite-magnetite percentages provide the best basis for differentiat
ing between beach and dune sands.

Between other subenvi

ronments , such as the foreshore and backbeach, mineral
ogical differences are not distinctive.

Giles and Pilkey

(19 65) attribute the high percentage of ilmenite and gar
net in dune subenvironments, and the lower percentage of
hornblende to differences in the shape of these minerals.
Equidimensional ilmenite and garnet are preferentially
transported by the wind, whereas the usually elongate
hornblende is not.
Rounding and sphericity of the sand grains varies
between samples and grain type.

No definite pattern or

distribution between subenvironments was noted, although
different minerals exhibit different values of roundness
and sphericity.

Quartz grains are typically sub-rounded

in the coarse fraction (0 to 2 phi) and sub-angular in the
fine fraction (2 to 4 phi) with a high degree of sphericity
throughout.

Elongate hornblende grains range from very

angular to sub-angular.

The opaque minerals, ilmenite and

magnetite, show the best rounding (rounded to well-rounded)
in the dune areas.

Grains of these same minerals from the
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foreshore area, however, are sub-rounded, and in some
samples, sub-angular.

Shepard and Young (1961) recognized

that dune sands were better rounded than beach sands and
concluded that this was caused by the abrasion produced
between grains during wind transportation.

Swift et al.

(1971) also noted the difference in roundness between
beach and dune sands but concluded that the better round
ing of the dune sands came from the sorting action of the
wind which picks up rounder grains from the beach and
transports them to the dunes.

Garnet, zircon, epidote,

and rutile varied independently but generally could be
classified as being between angular and sub-rounded, with
moderate sphericity.
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SOURCE OF T H E

S E D IM E N T S

The possible origin of terrigenous sediments along a
barrier-estuarine coast has been summarized by Guilcher
(1967) who cited four possible sources; 1) transportation
from numerous small streams draining nearby upland, 2) the
sea via inlets, 3) uplands, transported via rivers, and
4) reworking of older deposits existing seaward.
Fluvial transport by numerous small streams is rare
along the southern Delmarva Peninsula, because of the rel
atively few stream systems which enter the Atlantic Ocean.
Those streams that do drain the uplands, carry a limited
bedload which is presumably deposited in the extensive
lagoonal system bordering the coast, and rarely reaches
the area of littoral transport.
Significant sediment transfer from the lagoon to the
open ocean through tidal inlets may also be discounted
due to the lack of a sufficiently strong transporting
mechanism.

Sediment studies in inlets both north and

south of Cedar Island have shown that there is a general
decrease in grain size from the inlets into the intertidal
complex (Harrison, 1972), eliminating a lagoonal origin for
the source of beach and dune sediments along this coast.
It has been well documented that major rivers contrib
ute considerable sediment to many coastal barrier systems.

77
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The extent of this contribution is controlled in part by
the number and density of the river systems entering the
ocean.

The lack of extensive surface drainage in the en

tire Delmarva Peninsula probably reflects the limited im
portance which present-day fluvial systems have in supply
ing sediments to the barrier environments.
Estuaries, such as Delaware and Chesapeake Bays, may
contribute some sediment to the barrier islands, but it
is unlikely that the material transported by tributary
rivers to these drowned valleys could contribute substan
tially to coastal areas hundreds of miles away.

Mineralog

ical studies by Dolan (1972) of the barrier islands along
North Carolina, indicated that the material being brought
into Cherapeake Bay by tributary rivers differs drastically
from the barrier sediments, that any direct, genetic rela
tion between the two, could be ruled out.
A study of the mineralogy of the middle Atlantic,
continental shelf sediments (Giles and Pilkey, 1965) ,
showed large percentages of unstable heavy minerals such
as hornblende, garnet, and epidote, and smaller percentages
of moderately stable heavy minerals such as zircon, rutile,
and tourmaline.

The shelf sediment mineral assemblage

compares closely with the mineralogy of piedmont river
sediments, but differs greatly from the mineralogy of the
sediments in rivers which drain the coastal plain exclusive
ly.

On that basis, Giles and Pilkey (1965) concluded that
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coastal plain rivers are not important contributors to
continental shelf sediments.

A question, therefore re

mains as to whether the piedmont rivers are actually at
present the source of the sediment.
Carver (1971) compared Georgia beach and river sands
in order to determine the source for barrier sediments.
He concluded that both fluvial and offshore sources con
tribute grains to the barrier sands because the anomalously
high staurolite composition of beach sands compared closely
to the high staurolite composition of Georgia river sands;
whereas the high garnet content in beach sands compared
more closely with continental shelf sediments.
The sediments considered in the present study show
that the unstable minerals, hornblende and garnet are
abundant, with moderately stable zircon and rutile being
less abundant.

Because absence of rivers flowing directly

from the piedmont to the Delmarva shore eliminates a direct
fluvial source, it is concluded that offshore reworking of
relict piedmont sediments provided the source for the bar
rier sands.
Anomalous deposits of gravel on the tidal flat, land
ward of Cedar Island, and the existence of quartzite and
gneiss boulders found on the beach, indicate reworking of
late Pleistocene-early Holocene fluvial deposits which
underlie and outcrop seaward of the island.

Scattered

fragments of Mastodon remains litter the island, and on
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one occasion, an entire scapula was recovered from the
lower foreshore, intact, and apparently suffering from
little abrasion.

Assuming these beach erratics have not

been transported far from their site of deposition, and
that the abundance of an unstable suite of heavy minerals
also indicates relatively short transport, reworking of
older sediments during sea transgression in the littoral
and sublittoral zones can account for the abundant supply
of second generation beach and dune sediments on Cedar
Island.
The above hypothesis ignores the complex and numerous
processes which have influenced the deposition of sediments
throughout the Cenozoic Era.

Surely a number of sources

contributed directly and indirectly to the sediments in
question.

This explanation is, however, suggested as one

possible solution to the problem of determining the source
of the sediments in this study.
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SUMMARY AND CONCLUSIONS
A geological reconnaissance of Cedar Island revealed
that a unique distribution of sediments, sedimentary struc
tures, mineralogy, and biota aided in distinguishing be
tween sedimentary subenvironments.
Cross-stratification in foreshore, dune, and prograd
ing spit sands, is the most obvious internal structure.
Horizontal laminations are common in backbeach and washover flat deposits.

3edforms such as runnel channels,

ripple marks, and biogenic structures such as burrows and
tracks, may be useful in distinguishing individual sub
environments of the beach and dunes.
Size analysis of the sand fraction showed that the
best means of differentiating between subenvironments was
by inspection of cumulative frequency curves, and by plot
ting standard deviation (sorting) against skewness.
Changes in grain-size parameters crosswise of the is
land reflect the depositional processes of the particular
subenvironment.

Changes lengthwise, however, reflect var

iation in physical processes within a particular subenvi
ronment .
The modal percentages of the unstable heavy minerals
vary between subenvironments probably in response to
hydraulic sorting.

Opaque minerals are concentrated in
81
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the aeolian dunes and are well rounded with good sphericity.
Angular mineral grains are most commonly found in water
dominated subenvironments.

Petrographic examination

showed that quartz, ilmenite, magnetite, and hornblende
are the most environmentally sensitive mineral constituents
of the sands studied.

Quartz percentage was highest in

swashzone sands, whereas ilmenite and magnetite percentage
was highest in dune sands and hornblende percentage was
highest in washover sands.

No discernable change was

noted in the mineralogy lengthwise of the island.
Because of the lack of fluvial sources along the
Delmarva coast, the sand mineralogy and the anomalous beach
erratics, reworking of late Pleistocene-early Holocene
fluvial deposits at the shoreface and along the littoral
zone is the most probable source of the majority of the
sediment presently being deposited.
It is unlikely that all the bedforms, internal struc
tures, organisms, and sediments will be preserved exactly
as they appear in the modern subenvironments discussed
herein.

Surely the diagenetic processes of authigenesis,

cementation, compaction, solution, recrystallization and
replacement, as well as erosion, will alter the sedimentary
deposits considerably.

The distinguishing features of the

barrier system that should remain recognizable therefore
merit further study.
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The most distinctive features of Cedar Island upon
which an environmental interpretation could be based are:
the general facies
sand body,

relationships,the geometry of the

and the gross sediment type.

Identification of

these attributes would insure a satisfactory interpreta
tion of the environments present.

More subtle, but equal

ly diagnostic aspects of individual subenvironments, such
as beach laminae or aeolian cross-stratification may also
be identified in barrier sediments.

Mineralogy and grain-

size, although possibly modified during diagenesis, might
also prove diagnostic.

Preservation of burrows of organ

isms would

be rare because of the coarse-grained nature of

sand which

results in avalanching and filling of these

structures.

Relict, lagoonal shell debris, intermixed

with beach sand, would be especially helpful in distinguish
ing a transgressional environment and thus give clues as
to the overall processes of sediment deposition.
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